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Abstract: This study evaluated the effects of amylopectin (A) and chromium (Cr) forms alone or in combination on energy storage,
muscle fatigue-related biochemical markers, and expression of peroxisome proliferator-activated receptors (PPAR-γ) and glucose
transporter-2 and -4 (GLUT-2 and GLUT-4) in rats during exhaustive exercise. Thirty-five male Wistar rats were divided into 5 groups
(n = 7) as follows: 1) exhaustive exercise (E); 2) E+A; 3) E+A+chromium picolinate (CrPic); 4) E+A+chromium histidinate (CrHis), and
5) E+A+CrPic+CrHis. Rats received 0.0316 g of amylopectin and 11.06 µg of elemental Cr kg–1 body weight given as CrPic and CrHis
per day. The mean duration of exercise differed (55 ± 1.15 vs. 76 ± 1.91) between groups (P < 0.05). Blood glucose level was significantly
reduced in the E+A+CrPic+CrHis group compared to the E group. The E+A+CrPic+CrHis group was superior in terms of increasing
muscle and liver glycogen contents and blood insulin concentration and of decreasing serum lactate concentration (P < 0.05 for all).
However, A and Cr did not alter GLUT-2, GLUT-4, and PPAR-γ expressions. In conclusion, A in combination with supplemental Cr
enhanced energy-yielding nutrient conservation and reduced muscle fatigue in exercised rats. They can also help prevent racehorse
performance and disability problems.
Key words: Amylopectin, chromium picolinate, chromium histidinate, exercise, muscle fatigue

1. Introduction
Carbohydrates, the most efficient fuel source and the
only source of energy for certain vital cells such as
brain cells and blood cells, are stored in the form of
glycogen, mostly in the liver and muscles (1,2). During
high-intensity exercise or overnight fasting, no quick
supply of simple sugars is available in the body. Hence,
carbohydrate stores (glycogen) are crucial for supplying
the energy necessary for homeostasis (3). Generally,
3–4 g of carbohydrate per minute is utilized during
constant exercise. If the exercise continues for more
than 2 h, the body carbohydrate stores are exhausted
and metabolism will be shaped by fatigue as a reflection
of the accumulation of lactate (4,5). Individuals who do
not routinely exercise face a fatigue experience known
as end-of-exercise muscle fatigue. This situation is
especially more evident when a sedentary lifestyle moves
to sudden and intense exercise (6). Physical fatigue is

caused by energy source depletion and excess reactive
free radicals and metabolites (e.g., lactate) (7).
While exhaustive exercise can cause muscle damage
and induce fatigue, regular exercise can reduce the risk
of chronic diseases such as diabetes mellitus, obesity,
and cardiovascular diseases (8–10). Indeed, regular
exercise reduces blood triglyceride (TG) and glucose
concentration and elevates blood high-density lipoprotein
(HDL) cholesterol concentration (11,12), improves insulin
sensitivity (13,14), and regulates various biomarkers such
as glucose transporters and peroxisome proliferatoractivated receptors (PPAR-γ) in the body (15,16). Exercise
stimulates PPAR-γ signaling events and upregulates lipid
metabolism genes (17), and provides insulin activity by
increasing the mobilization of glucose transporters and
internalization of glucose (18,19).
Amylopectin (A) and chromium (Cr) are
micronutrients commonly used to boost energy by
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athletes (20) and reduce muscle fatigue after exercise. A,
one of the two components of starch, is a water-insoluble
polysaccharide found in plants. Supplementation of A has
been shown to modulate glucose and insulin metabolism
(21), and control pancreatic cells growth (22). Cr not only
acts as an antioxidant (23), but also involves the metabolism
of carbohydrate, fat, and protein (24,25) and enables the
activation of insulin and reduces fat deposits in the body
(26). Cr is commonly used in the management of glucose
and insulin metabolism by diabetic patients (27–29) and
for muscle fatigue (30). Moreover, recent studies reported
that Cr elevates insulin-stimulated glucose uptake in
adipocytes (31) and cultured muscle cells (32). Although
numerous studies on the effects of A (21,22) and Cr [CrPic
(Cr, 12.43%) and CrHis (Cr, 25.22%)] on various metabolic
parameters of exercised rats have been published (27–29),
their synergic effects on energy storage and muscle fatiguerelated biochemical parameters have not been elucidated.
Therefore, the present study was undertaken to investigate
the effect of A and Cr (US Patent No. 20170239267A1)
supplementation on blood glucose and insulin levels, lactate
concentration, lipid profile, glycogen storage, hematological
parameters, and liver metabolites in rats during exhaustive
exercise.
2. Materials and methods
2.1. Animals
Adult male Wistar rats (8 weeks old, 200–250 g body
weight) were obtained from the animal house of the
Experimental Research Center of Fırat University. They
were housed in polystyrene cages and maintained under
controlled standard conditions (12 h light and 12 h dark
cycle; temperature: 22 ± 2 °C; relative humidity: 55 ± 5%),
with free access to food and water. The study was approved
by the Institutional Animal Ethics Committee (Permit
Number: 2016/120, 12 October 2016) and performed in
accordance with the guidelines for laboratory animal use as
described by European Community guidelines (33).
2.2. Experimental design and period
Thirty-five rats were randomly divided into 5 groups of 7 rats
each and treated as follows: Group 1 (E), rats fed on standard
diet and submitted to exhaustive exercise on treadmill;
Group 2 (E+A), exhaustively exercised rats receiving
amylopectin; Group 3 (E+A+CrPic), exhaustively exercised
rats receiving amylopectin + CrPic; Group 4 (E+A+CrHis),
exhaustively exercised rats receiving amylopectin + CrHis;
Group 5 (E+A+CrPic+CrHis), exhaustively exercised rats
receiving simultaneously amylopectin, CrPic, and CrHis.
Rats were treated with 0.0316 g of amylopectin and 11.06
µg of elemental Cr/kg body weight given as CrPic and
CrHis per day orally by gavage for 1 week. Group 5 rats
received the same amount of elemental Cr but this Cr was
half met by CrPic and the other half by CrHis. A and Cr

doses were determined on the basis of the studies done
by Ziegenfuss et al. (34) and Sahin et al. (35). Ingredients
and nutrient compositions of the diet are shown in Table
1. Administration of A, CrPic, and CrHis began 1 week
before acute exercise and they were given by gavage daily
until exhaustive exercise session. A, CrPic, and CrHis were
provided by Nutrition 21 Inc. (Purchase, NY, USA).
Animals were previously adapted on a motorized
rodent treadmill with an electric shock grid (Treadmill,
MAY-TME 0804, Commat Limited, Ankara, Turkey) for
1 week of 10-min runs at 10 m/min on a 15% grade in
the week prior to the experimental exercise. For exhaustive

Table 1. Ingredients and nutrient composition of the diet.
Ingredient

%

Yellow corn

30.22

Barley

10.07

Soybean meal

38.28

Sunflower meal

6.04

Wheat bran

10.08

Molasses

3.02

Limestone

1.51

Salt

0.08

DL-methionine

0.30

Dicalcium phosphate

0.20

Vitamin and mineral premix

1

0.20

Chemical composition (% of dry matter)
Crude protein

24.00

Metabolizable energy, kcal/kg2

3100

Ether extract

3.40

Crude cellulose

6.90

Ash

8.10

Calcium

1.30

Phosphorus

0.90

1
The vitamin-mineral premix provides the following (per kg):
all-trans-retinyl acetate, 1.8 mg; cholecalciferol, 0.025 mg; allrac-a-tocopherol acetate, 12, 5 mg; menadione (menadione
sodium bisulfate), 1.1 mg; riboflavin, 4.4 mg; thiamine (thiamine
mononitrate), 1.1 mg; vitamin B6, 2.2 mg; niacin, 35 mg; Capantothenate, 10 mg; vitamin B12, 0.02 mg; folic acid, 0.55 mg;
d-biotin, 0.1 mg; manganese (from manganese oxide), 40 mg;
iron (from iron sulfate), 12.5 mg; zinc (from zinc oxide), 25 mg;
copper (from copper sulfate), 3.5 mg; iodine (from potassium
iodide), 0.3 mg; selenium (from sodium selenite), 0.15 mg;
choline chloride, 175 mg.
2
Metabolizable energy calculated according to 1995 National
Research Council guidelines.
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exercise, animals ran at 30 m/min on a 15% grade until
exhaustion (36).
2.3. Sample collection
After acute exercise, the rats were sacrificed by cervical
dislocation under anesthesia and blood, liver, and muscle
samples were collected. Blood samples were centrifuged at
5000 rpm at 4 °C for 10 min in a refrigerated centrifuge
(Universal 320R, Hettich, Germany) before the separation
of sera. After centrifugation, plasma was separated,
aliquoted, and stored at –20 °C until biochemical analysis.
Liver and muscle tissues were immediately frozen and
stored at –80 °C in a freezer.
2.4. Laboratory analyses
Glucose, glycogen, total cholesterol (TC), high-density
lipoprotein cholesterol (HDL-C), and low-density
lipoprotein cholesterol (LDL-C), as well as aspartate
aminotransferase (AST) and alanine aminotransferase
(ALT) levels, were determined using an automatic
biochemical analyzer (Samsung Labgeo PT10, Suwon,
Korea). Hematological parameters were determined using
a blood count device (EXIGO-EOS, Spanga, Sweden).
Serum lactate levels were analyzed with the ELISA Lactate
Kit (Cayman Chemical Co., Ann Arbor, MI, USA) with
inter- and intraassay coefficients of variation of 3.1% and
6.5%, respectively. Serum insulin level was evaluated by
rat-specific kits (Linco Research Inc., St Charles, MO,
USA) via ELISA (BIOTEK-ELX800, Winooski, VT,
USA) with inter- and intraassay constants of 3.2% and
5.7%, respectively. The glycogen contents in the tissue
samples were analyzed using a commercial glycogen assay
kit (Cayman Chemical Co.) with inter- and intraassay
coefficients of variation of 3.8% and 7.1%, respectively.
Liver triglyceride level was detected with a commercial
triglyceride kit as described previously (37).
2.5. Western blot analysis
Briefly, muscle and liver supernatants were homogenized
in phosphate-buffered saline (PBS) with a protease
inhibitor cocktail and the protein level was determined.
The nitrocellulose membranes were washed in PBS and
blocked by 1% bovine serum albumin (BSA) for 1 h before
the application of the primary antibody. The membranes
were incubated overnight at 4 °C with anti-PPAR-γ, antiGLUT-2, and anti-GLUT-4. The next day, the membranes
were incubated with secondary antibodies (diluted at a
concentration of 1:1000) conjugated with horseradish
peroxidase. The loading of proteins was controlled by
a monoclonal mouse antibody versus β-actin (A5316;
Sigma-Aldrich, St Louis, MO, USA). Specific binding was
detected using diaminobenzidine and H2O2 as substrates
as described previously (35).
2.6. Statistical analysis
Data are presented as the mean ± standard error of the
mean. Data were analyzed by one-way analysis of variance
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using the PROC GLM procedure of SAS software (version
9). Comparisons among the groups were made with the
post hoc Tukey HSD. P-values of 0.05 or less were taken to
imply statistical significance.
3. Results
3.1. Body weight, endurance time, and serum parameters
The body weight was statistically unchanged (P > 0.05)
among the groups. The highest endurance time was found
in the E+A+CrHis and E+A+CrPic+CrHis groups, while
the lowest value was found in the E group (P < 0.05).
In addition, the mean endurance time of the E, E+A,
E+A+CrPic, E+A+CrHis, and E+A+CrPic+CrHis groups
were 55 ± 1.15, 61 ± 1.53, 67 ± 1.73, 74 ± 1.41, and 76 ±
1.91 min, respectively. Endurance time was significantly
higher in groups E+A+CrHis and E+A+CrPic+CrHis than
E, E+A and E+A+CrPic (P < 0.05). It was found that group
E+A+CrPic+CrHis had the highest increases (P < 0.05).
Compared to CrPic, CrHis increased endurance time even
more (P < 0.05).
There were no significant differences in AST and ALT
levels as well as lipid profiles (TC, TG, HDL-C, and LDL-C,
P > 0.05) (Table 2). Blood glucose concentration decreased
in the E+A+CrPic+CrHis group compared to the E group
(P < 0.05; Table 2). Muscle and liver glycogen content as
well as a blood insulin concentration were the highest
in the E+A+CrPic+CrHis group and were the lowest in
the E group (P < 0.05; Table 2). Although there was no
change in hepatic TG among the groups, blood lactate
concentration was highest in the E group and lowest in the
E+A+CrPic+CrHis group (Table 2).
3.2. Hematology
A and Cr forms (CrPic and CrHis) as well as their
combinations increased WBC, LYM%, LYM#, and MID#
but decreased GR% and P-LCR% compared to the control
group (Table 3). The highest values of WBC and MID#
were observed in exercised rats supplemented with both
A and two Cr sources. Moreover, the most notable change
in LYM%, GR%, and LYM# levels was found in exercised
rats supplemented with A and Cr as CrPic. On the other
hand, simultaneous administration of A and Cr as CrHis
was most efficient in lowering P-LCR% level in exercised
rats (Table 3). Other hematological parameters were
unresponsive to the treatments.
3.3. Expression of regulatory proteins in muscle and liver
Despite trends for higher values in the E+A+CrPic+CrHis
group, no significant differences in muscle and liver PPAR-γ
expression or liver GLUT-2 and muscle GLUT-4 levels
across the treatments were observed (Figures 1 and 2).
4. Discussion
Micronutrients such as A and Cr are efficient in modulating
glucose and insulin metabolism (34,37–39), as observed in
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Table 2. Effects of amylopectin and chromium form on blood, muscle, and liver metabolites in exercised rats.
Groups1
Parameters2

E

E+A

Body weight, g

249.86 ± 11.10

251.29 ± 14.20

255.71 ± 6.24

252.14 ± 5.33

244.00 ± 7.52

Endurance time, min

55.00 ± 1.15

61.00 ± 1.53

67.00 ± 1.73

74.00 ± 1.41

76.00 ± 1.91a

AST, U/L

364.23 ± 10.54

350.52 ± 3.50

355.61 ± 60.48

365.13 ± 23.47

367.29 ± 11.98

ALT, U/L

99.33 ± 10.09

94.43 ± 14.33

96.86 ± 4.17

94.86 ± 3.71

89.43 ± 3.54

TC, mg/dL

96.67 ± 4.72

90.43 ± 5.07

90.57 ± 5.94

91.57 ± 5.52

90.71 ± 3.48

TG, mg/dL

137.50 ± 3.69

138.57 ± 2.76

132.86 ± 4.92

139.43 ± 14.13

130.43 ± 6.19

HDL-C, mg/dL

24.83 ± 0.60

22.71 ± 0.78

23.43 ± 0.78

23.43 ± 0.48

23.57 ± 0.53

LDL-C, mg/dL

42.33 ± 2.99

Glucose, mg/dL

129.50 ± 9.00

127.40 ± 2.57

126.29 ± 12.34

123.29 ± 3.87

96.57 ± 8.45b

Lactate, mmol/L

4.10 ± 0.12

3.21 ± 0.06

3.64 ± 0.11

3.51 ± 0.12

2.65 ± 0.08c

Insulin, ng/mL

7.93 ± 0.21c

10.23 ± 0.36b

11.34 ± 0.52b

11.63 ± 0.55ab

13.47 ± 0.54a

Muscle glycogen, mg/g

2.49 ± 0.12

3.67 ± 0.10

3.08 ± 0.32

3.37 ± 0.41

4.23 ± 0.26a

Liver glycogen, mg/g

43.55 ± 2.49c

53.31 ± 1.93ab

51.78 ± 2.47bc

52.54 ± 1.89ab

61.22 ± 1.88a

Liver triglycerides, µmol/g

34.86 ± 1.78

33.29 ± 1.82

34.57 ± 2.15

33.71 ± 1.43

33.29 ± 2.22

d

c

c

E+A+CrHis
b

38.57 ± 5.53
a

a

E+A+CrPic

a

38.29 ± 4.24
a

b

ab

40.43 ± 3.18
ab

b

bc

E+A+CrPic+CrHis

34.14 ± 4.26
ab

b

abc

Number of rats = 7 per group. E: Exercise; A: amylopectin; CrPic: chromium picolinate; CrHis: chromium histidinate. Mean values with
different superscripts within the same rows differ (P ˂ 0.05). 2ALT: Alanine aminotransferase; AST: aspartate aminotransferase: TC: total
cholesterol; TG: triglyceride; HDL-C: high-density lipoprotein cholesterol; LDL-C: low-density lipoprotein cholesterol.
1

the current study. Indeed, the combination of A and Cr as
CrPic elevated blood glucose level while A combined with
Cr as CrHis reduced it. Because A significantly reduced
the blood glucose level when supplemented alone, its
combination with CrPic may exhibit an inhibitory effect.
The reduction in blood glucose levels in rats supplemented
with both A and Cr as CrHis may be due to the high
distribution and absorptive property of CrHis, as reported
previously (40,41). Although no previous studies on the
combined effects of A and Cr in exercised rats have been
found in the literature, Cefalu and Hu (42) reported that
CrPic ingestion modulates glucose and insulin levels
in type 2 diabetic rats. Our findings suggest that the
antifatigue properties of A+Cr might be related to its
ability to improve the metabolic control of exercise and
energy metabolism.
Leon and Sanchez (43) reported that exercise induced
a significant decrease in LDL and TG concentrations, but
had no effect on blood total cholesterol and transaminase
(AST and ALT) levels. In the present study, we found that
transaminase (AST and ALT) levels and lipid profiles (TC,
TG, HDL-C, and LDL-C) were statistically unchanged in
all groups. These results are similar to previous findings
(44). On the contrary, ingestion of Cr as chromium malate
has been reported to reduce TC, LDL-C, and TG levels and
increase HDL-C concentration in type 2 diabetic rats (45).

Moreover, it has been shown that Cr supplementation
significantly decreased serum total cholesterol level
during exercise (44). In the current study, it is possible that
the low level of lipid parameters achieved with exercise
masked the ability of A+Cr to exert an antilipidic effect.
The nonsignificant change in AST and ALT concentrations
in exercised rats supplemented with A+Cr may indicate no
toxicity or harmful effects on hepatocytes and therefore
confirms the safety of these micronutrients as reported by
Anderson et al. (41) and Tuzcu et al. (46).
Hematological parameters are good indicators
of the general health condition. Noushand et al. (47)
reported that immediately after exercise the hemoglobin,
hematocrit, erythrocyte, and leukocyte levels increased
significantly while platelet and reticulocyte counts
remained unchanged. In the present study, hematological
parameters were affected by A+Cr supplementation. A and
Cr ingestion significantly increased WBC, LYM%, LYM#,
and MID# and decreased GR% and P-LCR% compared
to the control group. In a similar study, Toghyani et al.
(48) reported that CrPic supplementation significantly
increased hemoglobin, MCH, and MCHC levels but there
was no significant change in WBC, RBC, PCV, MCV,
and thrombocyte levels. Improvement in hematological
parameters observed in the current study may be
correlated with the high glycogen storage after A+Cr
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Table 3. Effects of amylopectin and chromium form on hematological parameters in exercised rats.

Parameters2

Groups1
E

E+A

E+A+CrPic

E+A+CrHis

E+A+CrPic+CrHis

WBC, µL

8.12 ± 2.48

12 ± 1.66

12.31 ± 3.32

9.99 ± 2.25

13.54 ± 3.37a

LYM, %

53.17 ± 7.39c

63.99 ± 6.05ab

71.03 ± 5.44a

61.69 ± 11.07ab

64.37 ± 6.14ab

MID, %

9.25 ± 7.96

15.34 ± 5.06

15.60 ± 4.63

8.79 ± 4.96

18.41 ± 7.46

GR, %

37.58 ± 6.35

20.67 ± 8.23

13.37 ± 1.92

29.53 ± 12.68

17.21 ± 4.40c

LYM, #

4.33 ± 1.58c

7.69 ± 1.31ab

8.89 ± 2.97a

6.19 ± 1.87ab

8.8 ± 2.62a

MID, #

0.75 ± 0.55

1.84 ± 0.60

1.81 ± 0.33

0.83 ± 0.42

2.51 ± 1.01a

GR, #

3.03 ± 1.04

2.47 ± 1.16

1.61 ± 0.35

2.97 ± 1.64

2.23 ± 0.35

RBC, µL

7.81 ± 0.11

7.64 ± 0.53

7.85 ± 0.31

7.82 ± 0.58

7.97 ± 0.36

Hgb, g/dL

16.98 ± 0.28

16.53 ± 1.15

16.97 ± 0.79

16.26 ± 0.93

16.59 ± 0.93

HCT, %

71.08 ± 1.23

68.76 ± 4.13

71.94 ± 3.17

70.64 ± 3.95

72.17 ± 3.16

MCV, fL

91.22 ± 0.73

90.13 ± 2.28

91.76 ± 1.75

90.54 ± 2.86

90.59 ± 2.56

MCH, pg

21.72 ± 0.30a

21.59 ± 0.50ab

21.57 ± 0.52ab

20.79 ± 0.69b

20.76 ± 0.70b

MCHC, g/dL

23.85 ± 0.23a

23.99 ± 0.37a

23.54 ± 0.14a

22.96 ± 0.46b

22.94 ± 0.44b

RDW-SD, fL

41.8 ± 0.99

41.67 ± 2.81

41.66 ± 2.11

43.27 ± 4.40

41.94 ± 2.11

RDW-CV, %

15.97 ± 0.52

16.14 ± 1.18

15.83 ± 1.02

16.63 ± 1.32

16.13 ± 0.80

PLT, µL

1016.33 ± 251.55

1113.43 ± 160.38

1049.14 ± 204.84

1065.57 ± 82.69

1081.43 ± 169.04

MPV, fL

11.82 ± 0.33

11.51 ± 0.28

11.43 ± 0.55

10.77 ± 1.43

11.46 ± 0.28

PDW, %

17.4 ± 0.53

17.59 ± 0.95

16.63 ± 1.47

15.61 ± 3.37

17.19 ± 1.35

PCT, %

1.20 ± 0.31

P-LCR, %

32.67 ± 1.33

c

ab

a

c

ab

bc

a

a

c

ab

ab

ab

bc

1.23 ± 0.21

1.12 ± 0.35

1.24 ± 0.11

1.16 ± 0.17

30.04 ± 1.50ab

30.43 ± 2.02ab

24.90 ± 9.96b

29.23 ± 1.91ab

Number of rats = 7 per group. E: Exercise; A: amylopectin; CrPic: chromium picolinate; CrHis: chromium histidinate. Mean values
with different superscripts within the same rows differ (P ˂ 0.05). 2WBC: White blood cell; LYM%: percentage of lymphocyte cell count;
LYM#: lymphocyte cell count; MID%: percentage of mononuclear cell count; MID#: mononuclear cell count; GR%: percentage of
granulocytes cell count; GR#: granulocytes cell count; RBC: red blood cell; Hgb: hemoglobin; HCT: hematocrit; MCV: mean corpuscular
volume; MCH: mean corpuscular hemoglobin; MCHC: mean corpuscular hemoglobin concentration; RDW: red cell distribution width;
PLT: platelet; PCT: procalcitonin; MPV: mean platelet volume; PDW: platelet distribution width; RDW-SD: red blood cell distribution
width; RDW-CV %: percentage of red blood cell distribution width; P-LCR %: percentage of platelet larger cell ratio.

1

supplementation. For instance, it has been shown that
increased lymphocyte levels stimulate glycogen storage in
the presence of high glucose concentration (49,50).
During exercise, muscle fatigue can be evaluated by
multiple biochemical indicators, such as lactate and glucose
levels (51,52). Lactate, a substrate in skeletal muscle, acts
as a precursor of gluconeogenesis in muscles and liver after
exercise. Indeed, after acute exercise, approximately 75%
of the total amount of lactate accumulated in the muscles
is used for energy production in the exercising body (53).
The normal value of lactate is approximately 2 mmol/L
(54). During exercise, its accumulation can negatively
affect the central nervous system and cause muscle fatigue
(55). On the other hand, the maintenance of blood glucose
level during exercise could extend exercise duration and
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improve performance (56). In the current study, the lactate
level of exercised rats in all groups was above the normal
value. Similar results (elevated lactate level after exercise)
have been reported by Fonseca et al. (57). Remarkably,
A and Cr supplementation significantly decreased the
serum lactate level of exercised animals. Similarly, Cr
supplementation resulted in a reduction of lactate level after
exercise, possibly indicating that Cr contributed to a better
utilization of plasma glucose and to a better adaptation of
animals to physical activity (57). In another similar study,
Davis et al. (58) reported that the combination of Cr and
carbohydrate exhibited the highest antifatigue activity
compared with Cr alone. The lowest value of lactate was
noted in rats supplemented simultaneously with A and
either Cr form. These results confirm the antifatigue
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Figure 1. Effects of amylopectin and chromium form on the expression of GLUT-2 (A) and PPAR-γ (B) in the liver of exercised rats.
E: Exercise; A: amylopectin; CrPic: chromium picolinate; CrHis: chromium histidinate; GLUT-2: glucose transporter-2; PPAR-γ:
peroxisome proliferator-activated receptor gamma. Bars represent the standard error of the mean. Blots were repeated at least 3 times
(n = 3) and a representative blot is shown. β-Actin was included to ensure equal protein loading.

Figure 2. Effects of amylopectin and chromium form on the expression of GLUT-4 (A) and PPAR-γ (B) in the muscle of exercised
rats. E: Exercise; A: amylopectin; CrPic: chromium picolinate; CrHis: chromium histidinate; GLUT-4: glucose transporter-4; PPAR-γ:
peroxisome proliferator-activated receptor gamma. Bars represent the standard error of the mean. Blots were repeated at least 3 times
(n = 3) and a representative blot is shown. β-Actin was included to ensure equal protein loading.

properties of A reported by Zhang et al. (59). The low
lactate level in plasma of rats supplemented with A+Cr
could be due to low lactate influx from muscles, resulting
from high lactate conversion to glycogen. Alternatively,
decreased lactate level after A+Cr ingestion could indicate

a low redistribution of intracellular glucose and low
glucose uptake.
During exhaustive exercise, ATP is consumed
continuously by myocytes, which can be generated through
oxidative phosphorylation in the muscle (60). Under this
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condition, glycogen is converted into glucose to generate
ATP (61), resulting in a depletion of glycogen storage in
the liver and muscles (62). In the current study, increased
glycogen storage in the livers and muscles of exercised
rats supplemented with A+Cr may have been mediated
by increasing the concentration of ATP, which would
be helpful for increasing energy storage. Because A+Cr
ingestion improves glycogen storage in exercised rats, this
could indicate the greater contribution of glucose uptake
to glycogen formation. Similarly, Hsiao et al. (63) reported
that supplementation with Hualian No. 4 wild bitter gourd
significantly increased glycogen storage and reduced
fatigue in exercised mice. On the contrary, Volek et al. (62)
showed that Cr supplementation induced a nonsignificant
change in muscle glycogen synthesis during recovery
from high-intensity exercise. Campbell et al. (64) also
reported that the liver glycogen phosphorylase activities in
chromium-supplemented rats remained unaffected after 8
weeks of dietary treatment.
Glucose transporters (GLUT-2 and GLUT-4) and
PPAR-γ are biomarkers involved in various metabolic
processes. Exercise increases GLUT-2 and GLUT-4
expression and insulin-stimulated glycogen storage in
muscle (15). On the other hand, PPAR-γ is involved in the
regulation of glucose, lipid, and carbohydrate metabolisms
(65), and its level can reflect athletic performance (16,66).

Numerous studies indicated that exercise increases
PPAR-γ expression in the liver (67,68) and skeletal muscle
(69). In this study, no significant changes in liver and
muscle GLUT-2, GLUT-4, and PPAR-γ expressions were
observed, although there was a trend for higher GLUT4 expression in the muscles of animals treated with both
A and Cr (CrPic and CrHis). It has been reported that
Cr supplementation is able to improve many aspects of
insulin signaling, including GLUT-4 translocation (70,71).
The present study demonstrated that A and Cr as
well as their combination improved energy reserves and
hematological parameters and reduced muscle fatigue
after exercise. However, these were not accompanied
by changes in liver transaminases levels, blood lipid
profiles, and muscular and hepatic expression of glucose
transporters and PPAR-γ in the muscles and livers of
exercised rats. A and Cr could be potential agents with
antifatigue pharmacological effects. They can also help
prevent racehorse performance and disability problems.
Acknowledgments
The authors acknowledge Fırat University (FÜBAP/
VF.16.21) for financial support of this experiment. The
authors thank Nutrition 21 Inc. (NY, USA) for providing
amylopectin, CrPic, and CrHis. The 8th author is an
employee of Nutrition 21 Inc.

References
1.

Berg JM, Tymoczko JL, Stryer L. Biochemistry. 5th ed. New
York, NY, USA: WH Freeman; 2002.

2.

Adeva-Andany MM, González-Lucán M, Donapetry-García C,
Fernández-Fernández C, Ameneiros-Rodríguez E. Glycogen
metabolism in humans. BBA Clin 2016; 27: 85-100.

3.

Gonzalez JT, Fuchs CJ, Betts JA, van-Loon LJ. Liver glycogen
metabolism during and after prolonged endurance-type
exercise. Am J Physiol Endocrinol Metab 2016; 311: E543-E553.

4.

Sahlin K. Muscle fatigue and lactic acid accumulation. Acta
Physiol Scand Suppl 1986; 556: 83-91.

5.

Márquez G, Romero-Arenas S, Marín-Pagán C, Vera-Ibañez
A, Fernández Del Olmo M, Taube W. Peripheral and central
fatigue after high intensity resistance circuit training. Muscle
Nerve 2017; 56: 152-159.

6.

Bogdanis GC. Effects of physical activity and inactivity on
muscle fatigue. Front Physiol 2012; 18: 142.

7.

You L, Zhao M, Regenstein JM, Ren J. In vitro antioxidant
activity and in vivo anti-fatigue effect of loach (Misgurnus
anguillicaudatus) peptides prepared by papain digestion. Food
Chem 2011; 124: 188-194.

50

8.

Lee IM, Shiroma EJ, Lobelo F, Puska P, Blair SN, Katzmarzyk
PT. Effect of physical inactivity on major non-communicable
diseases worldwide: an analysis of burden of disease and life
expectancy. Lancet 2012; 380: 219-229.

9.

Pedersen L, Idorn M, Olofsson GH, Lauenborg B, Nookaew
I, Hansen RH, Johannesen HH, Becker JC, Pedersen KS,
Dethlefsen C et al. Voluntary running suppresses tumor
growth through epinephrine- and IL-6-dependent NK cell
mobilization and redistribution. Cell Metab 2016; 23: 554-562.

10.

González-Ruíz K, Correa-Bautista JE, Izquierdo M, GarcíaHermoso A, Dominguez-Sanchez MA, Bustos-Cruz RH,
García-Prieto JC, Martínez-Vizcaíno V, Lobelo F, GonzálezJiménez E et al. Effects of an exercise program on hepatic
metabolism, hepatic fat, and cardiovascular health in
overweight/obese adolescents from Bogotá, Colombia (the
HEPAFIT study): study protocol for a randomized controlled
trial. Trials 2018; 19: 330.

11.

Leon AS, Casal D, Jacobs D Jr. Effects of 2,000 kcal per week of
walking and stair climbing on physical fitness and risk factors
for coronary heart disease. J Cardiopulm Rehabil 1996; 16:
183-192.

IRMAK et al. / Turk J Vet Anim Sci
12.

O’Gorman DJ, Krook A. Exercise and the treatment of diabetes
and obesity. Endocrinol Metab Clin North Am 2008; 37: 887903.

13.

Kiens B. Skeletal muscle lipid metabolism in exercise and
insulin resistance. Physiol Rev 2006; 86: 205-243.

14.

Ramos-Jiménez A, Hernández-Torres RP, Torres-Durán PV,
Romero-Gonzalez J, Mascher D, Posadas-Romero C, JuárezOropeza MA. The respiratory exchange ratio is associated with
fitness indicators both in trained and untrained men: a possible
application for people with reduced exercise tolerance. Clin
Med Circ Respirat Pulm Med 2008; 2: 1-9.

26.

Underwood E. Trace Elements in Human and Animal
Nutrition. 4th ed. New York, NY, USA: Academic Press; 1977.

27.

Gu Y, Xu X, Wang Z, Xu Y, Liu X, Cao L, Wang X, Li Z, Feng B.
Chromium-containing traditional Chinese medicine, Tianmai
Xiaoke tablet, for newly diagnosed type 2 diabetes mellitus: a
meta-analysis and systematic review of randomized clinical
trials. Evid Based Complement Alternat Med 2018; 2018:
3708637.

28.

Liu L, Zhang SW, Lu J, Pang XY, Lv JP. Antidiabetic effect of
high-chromium yeast against type 2 diabetic KK-Ay mice. J
Food Sci 2018; 83:1956-1963.

15.

Ren JM, Semenkovich CF, Gulve EA, Gao J, Holloszfl JO.
Exercise induces rapid increases in GLUT4 expression, glucose
transport capacity, and insulin-stimulated glycogen storage in
muscle. J Biol Chem 1994; 269: 14396-14401.

29.

Ngala RA, Awe MA, Nsiah P. The effects of plasma chromium
on lipid profile, glucose metabolism and cardiovascular risk in
type 2 diabetes mellitus. A case-control study. PLoS One 2018;
13: e0197977.

16.

Chen WC, Huang WC, Chiu CC, Chang YK, Huang CC.
Whey protein improves exercise performance and biochemical
profiles in trained mice. Med Sci Sports Exerc 2014; 46: 15171524.

30.

Wan JJ, Qin Z, Wang PY, Sun Y, Liu X. Muscle fatigue: general
understanding and treatment. Exp Mol Med 2017; 49: e384.

31.

Yoshimoto S, Sakamoto K, Wakabayashi I, Masui H. Effect
of chromium administration on glucose tolerance in strokeprone spontaneously hypertensive rats with streptozotocininduced diabetes. Metabolism 1992; 41: 636-642.

32.

Miranda ER, Dey CS. Effect of chromium and zinc on insulin
signaling in skeletal muscle cells. Biol Trace Elem Res 2004;
101: 19-36.

33.

EEC. Council Directive 86/609/EEC of 24 November 1986
on the approximation of laws, regulations and administrative
provisions of the Member States regarding the protection of
animals used for experimental and other scientific purposes.
OJEC 1986; 358: 1-29.

34.

Ziegenfuss TN, Lopez HL, Kedia A, Habowski SM,
Sandrock JE, Raub B, Kerksick CM, Ferrando AA. Effects
of an amylopectin and chromium complex on the anabolic
response to a suboptimal dose of whey protein. J Int Soc Sports
Nutr 2017; 14: 6.

35.

Sahin K, Tuzcu M, Orhan C, Ali S, Sahin N, Gencoglu H, Ozkan
Y, Hayirli A, Gozel N, Komorowski JR. Chromium modulates
expressions of neuronal plasticity markers and glial fibrillary
acidic proteins in hypoglycemia-induced brain injury. Life Sci
2013; 93: 1039-1048.

36.

Paroo Z, Tiidus PM, Noble EG. Estrogen attenuates HSP 72
expression in acutely exercised male rodents. Eur J Appl
Physiol Occup Physiol 1999; 80: 180-184.

37.

Pitman JL, Bonnet DJ, Curtiss LK, Gekakis N. Reduced
cholesterol and triglycerides in mice with a mutation in Mia2,
a liver protein that localizes to ER exit sites. J Lipid Res 2011;
52: 1775-1786.

38.

Ali A, Ma Y, Reynolds J, Wise JP Sr, Inzucchi SE, Katz DL.
Chromıum effects on glucose tolerance and insulin sensitivity
in persons at risk for diabetes mellitus. Endocr Pract 2011; 17:
16-25.

39.

Hua Y, Clark S, Ren J, Sreejayan N. Molecular mechanisms of
chromium in alleviating insulin resistance. J Nutr Biochem
2012; 23: 313-319.

17.

Thomas AW, Davies NA, Moir H, Watkeys L, Ruffino JS, Isa
SA, Butcher LR, Hughes MG, Morris K, Webb R. Exerciseassociated generation of PPARγ ligands activates PPARγ
signaling events and upregulates genes related to lipid
metabolism. J Appl Physiol 2012; 112: 806-815.

18.

Kirwan JP, del-Aguila LF, Hernandez JM, Williamson DL,
O’Gorman DJ, Lewis R, Krishnan RK. Regular exercise
enhances insulin activation of IRS-1-associated PI3-kinase in
human skeletal muscle. J Appl Physiol 2000; 88: 797-803.

19.

Wendel AA, Purushotham A, Liu LF, Belury MA. Conjugated
linoleic acid fails to worsen insulin resistance but induces
hepatic steatosis in the presence of leptin in ob/ob mice. J Lipid
Res 2008; 49: 98-106.

20.

Lefavi RG, Anderson RA, Keith RE, Wilson GD, McMillan JL,
Stone MH. Efficacy of chromium supplementation in athletes:
emphasis on anabolism. Int J Sport Nutr 1992; 2: 111-122.

21.

Behall KM, Howe JC. Effect of long-term consumption of
amylose vs amylopectin starch on metabolic variables in
human subjects. Am J Clin Nutr 1995; 61: 334-340.

22.

Tan J, Wang X, Yu Z, Luo J, Lan B, Li N, Xin Y, Zeng C, Yan L,
Zhang LM et al. Spectroscopic investigation of a hyperbranched
cationic amylopectin derivative as a multi-guest molecular
host for targeted delivery of a photosensitizer to pancreatic
cancer cells. Carbohydr Polym 2018; 197: 38-46.

23.

Mach J, Midgley AW, Dank S, Grant RS, Bentley DJ. The effect
of antioxidant supplementation on fatigue during exercise:
potential role for NAD+(H). Nutrients 2010; 2: 319-329.

24.

Anderson RA, Bryden NA, Polansky MM. Lack of toxicity of
chromium chloride and chromium picolinate in rats. J Am
Coll Nutr 1997; 16: 273-279.

25.

Anderson GR. Inference of phylogeny and taxonomy with
in the Didymozoidae (Digenea) from this condinternal
transcribed spacer (ITS2) of ribosomal DNA. Systematic
Parasitol 1998; 41: 87-94.

51

IRMAK et al. / Turk J Vet Anim Sci
40.

Lamson DW, Plaza SM. The safety and efficacy of high-dose
chromium. Altern Med Rev 2002; 7: 218-235.

55.

Brooks GA. Intra-and extra-cellular lactate shuttles. Med Sci
Sports Exerc 2000; 32: 790-799.

41.

Anderson RA, Polansky MM, Bryden NA. Stability and
absorption of chromium and absorption of chromium
histidinate complexes by humans. Biol Trace Elem Res 2004;
101: 211-218.

56.

Febbraio MA, Chiu A, Angus DJ, Arkinstall MJ, Hawley JA.
Effects of carbohydrate ingestion before and during exercise
on glucose kinetics and performance. J Appl Physiol 2000; 89:
2220-2226.

42.

Cefalu WT, Hu FB. Role of chromium in human health and in
diabetes. Diabetes Care 2004; 27: 2741-2751.

57.

43.

Leon AS, Sanchez OA. Response of blood lipids to exercise
training alone or combined with dietary intervention. Med Sci
Sports Exerc 2001; 33: S502-515.

Fonseca LA, Girardi FM, Coelho CS, Barioni G, Rangel VB,
Gonçalves RC. Influence of chromium supplementation on
energy metabolism in horses used in policing activity. Arq Bras
Med Vet Zootec 2011; 63: 1175-1180.

44.

Volpe SL, Huang HW, Larpadisorn K, Lesser II. Effect of
chromium supplementation and exercise on body composition,
resting metabolic rate and selected biochemical parameters in
moderately obese women following an exercise program. J Am
Coll Nutr 2001; 20: 293-306.

58.

Davis JM, Welsh RS, Alerson NA. Effects of carbohydrate
and chromium ingestion during intermittent high-intensity
exercise to fatigue. Int J Sport Nutr Exerc Metab 2000; 10: 47685.

59.

Feng W, Li Q, Wang W, Chen Y, Zhang W, Zhao T, Mao G,
Wu X, Yang L. Influence of chronic toxicity, lipid metabolism,
learning and memory ability, and related enzyme in SpragueDawley rats by long-term chromium malate supplementation.
Biol Trace Elem Res 2019; 187: 243-257.

Zhang H, Liu Y, Zhou J, Wang J, Sun B. Amylopectin is the
anti-fatigue ingredient in glutinous rice. Int J Biol Macromol
2014; 63: 240-243.

60.

Tuzcu M, Sahin N, Orhan C, Agca CA, Akdemir F, Tuzcu Z,
Komorowski J, Sahin K. Impact of chromium histidinate on
high fat diet induced obesity in rats. Nutr Metab (Lond) 2011;
8: 28.

Zhong L, Zhao L, Yang F, Yang W, Sun Y, Hu Q. Evaluation of
anti-fatigue property of the extruded product of cereal grains
mixed with Cordyceps militaris on mice. J Int Soc Sports Nutr
2017; 14: 15.

61.

Westerblad H, Bruton JD, Katz A. Skeletal muscle: energy
metabolism, fiber types, fatigue and adaptability. Exp Cell Res
2010; 316: 3093-3099.

62.

Volek JS, Silvestre R, Kirwan JP, Sharman MJ, Judelson DA,
Spiering BA, Vingren JL, Maresh CM, Vanheest JL, Kraemer
WJ. Effects of chromium supplementation on glycogen
synthesis after high-intensity exercise. Med Sci Sports Exerc
2006; 38: 2102-2109.

63.

Hsiao CY, Chen YM, Hsu YJ, Huang CC, Sung HC, Chen
SS. Supplementation with Hualian No. 4 wild bitter gourd
(Momordica charantia Linn. var. abbreviata ser.) extract
increases anti-fatigue activities and enhances exercise
performance in mice. J Vet Med Sci 2017; 79: 1110-1119.

64.

Campbell WW, Polansky MM, Bryden NA, Soares JH Jr,
Anderson RA. Exercise training and dietary chromium effects
on glycogen, glycogen synthase, phosphorylase and total
protein in rats. J Nutr 1989; 119: 653-660.

65.

Sheng X, Zhang Y, Gong Z, Huang C, Zang YQ. Improved
insulin resistance and lipid metabolism by cinnamon extract
through activation of peroxisome proliferator-activated
receptors. PPAR Res 2008; 2008: 581348.

66.

Ahmetov II, Mozhayskaya IA, Flavell DM, Astratenkova IV,
Komkova AI, Lyubaeva EV, Tarakin PP, Shenkman BS, Vdovina
AB, Netreba AI et al. PPAR alpha gene variation and physical
performance in Russian athletes. Eur J Appl Physiol 2006; 97:
103-108.

67.

Grimaldi PA. Regulatory role of peroxisome proliferatoractivated receptor delta (PPAR delta) in muscle metabolism.
A new target for metabolic syndrome treatment? Biochimie
2005; 87: 5-8.

45.

46.

47.

Noushad S, Ahmed S, Jafri H, Sherwani KS. Effect of exercise
on hematological parameters: a study on trained versus untrained male subjects. Pak J Life Soc Sci 2002; 10: 18-21.

48.

Toghyani M, Shivazad M, Gheisari AA, Zarkesh SH.
Performance, carcass traits and hematological parameters of
heat-stressed broiler chicks in response to dietary levels of
chromium picolinate. Int J Poult Sci 2006; 5: 65-69.

49.

Drazancić A, Janković D. PAS positive lymphocytes in the
diagnosis of abnormal glucose tolerance during pregnancy.
Obstet Gynecol 1970; 36: 762-765.

50.

Hagemans ML, Stigter RL, van Capelle CI, van der Beek NA,
Winkel LP, van Vliet L, Hop WC, Reuser AJ, Beishuizen A, van
der Ploeg AT. PAS-positive lymphocyte vacuoles can be used
as diagnostic screening test for Pompe disease. J Inherit Metab
Dis 2010; 33: 133-139.

51.

Strojnik V, Komi PV. Fatigue after submaximal intensive
stretch-shortening cycle exercise. Med Sci Sports Exerc 2000;
32: 1314-1319.

52.

Izquierdo M, González-Izal M, Navarro-Amezqueta I, Calbet
JA, Ibañez J, Malanda A, Mallor F, Häkkinen K, Kraemer WJ,
Gorostiaga EM. Effects of strength training on muscle fatigue
mapping from surface EMG and blood metabolites. Med Sci
Sports Exerc 2011; 43: 303-311.

53.

Brooks GA. Lactate - link between glycolytic and oxidative
metabolism. Sports Med 2007; 37: 341-343.

54.

Yangyang L, Changjiang L. Antifatigue and increasing exercise
performance of Actinidia arguta crude alkaloids in mice. J
Food Drug Anal 2016; 24: 738-745.

52

IRMAK et al. / Turk J Vet Anim Sci
68.

69.

Tao L, Bei Y, Lin S, Zhang H, Zhou Y, Jiang J, Chen P, Shen S,
Xiao J, Li X. Exercise training protects against acute myocardial
infarction via improving myocardial energy metabolism and
mitochondrial biogenesis. Cell Physiol Biochem 2015; 37: 162175.
Pala R, Genc E, Tuzcu M, Orhan C, Sahin N, Er B, Cinar V,
Sahin K. L-Carnitine supplementation increases expression
of PPAR-γ and glucose transporters in skeletal muscle of
chronically and acutely exercised rats. Cell Mol Biol (Noisy le
Grand) 2018; 64: 1-6.

70.

Vincent JB. Recent advances in the nutritional biochemistry of
trivalent chromium. Proc Nutr Soc 2004; 63: 41-47.

71.

Wang H, Kruszewski A, Brautigan DL. Cellular chromium
enhances activation of insulin receptor kinase. Biochemistry
2005; 44: 8167-8175.

53

